Abstract Male prairie voles become more responsive to infants following cohabitation with a female. Exposure to female sensory cues prior to offspring birth may influence male paternal tendencies by modifying his response to infant odors in particular or to odors in general. To test these hypotheses, males were housed with an unfamiliar female or a same-sex sibling for 13 days then examined for their response towards either live infants or infant-like inanimate objects covered with one of three odors: water, infant, sub-adult. We recorded the number of males that retrieved and manipulated the infants or odor-covered objects and measured the frequency and duration of time males spent attending to them or engaged in other non-social activities. Female-Cohabited males approached the container holding infant-odor covered objects faster than Male-Cohabited males, but showed no differences in time spent manipulating those objects. Males in both groups spent more time manipulating live infants than odor-covered objects. However, Female-Cohabited subjects were more likely to manipulate odor-covered objects as well as live infants than Male-Cohabited subjects. Additionally, the frequency of self-grooming in Female-Cohabited males was higher for water-covered objects compared to Male-Cohabited males. In presence of water and live infants, Female-Cohabited males groomed themselves with greater frequency than in presence of infant odor or sub-adult odor. The data suggest that female cues increase the male's sensitivity to infant odors and enhance the salience of non-social odors [Current Zoology 58 (3): 317-325, 2013].
Upon birth, mammalian infants play an active role in eliciting caregiving behaviors. They orient themselves towards the caregiver and emit sounds and odors that broadcast their presence (Noirot, 1970; Smotherman et al., 1974; Stern, 1997; Farrell and Alberts, 2002; D'Amato et al., 2005; Winberg, 2005) . In most mammalian species, the mother is the sole caregiver and is the only one present at the nest to respond to infants' stimuli (Clutton-Brock, 1991) . However, in a few monogamous species the male stays with the female after mating. Hence, he is also present at the nest when infants are born and cares for them (Kleiman, 1977; Dewsbury, 1985; Alberts and Gubernick, 1990) . Although extensive research has been conducted to investigate how the female brain and body are primed to respond to infant cues, little information exists on how males become prepared to do the same (Numan, 1988; Numan and Insel, 2003) .
Ample evidence suggests that the cognitive processes required for maternal care are not hard wired in the female's brain. Rather, her brain becomes prepared for responding to infant cues through neuroendocrine signals that she receives from her own body and the placenta (Fleming, 1986; Steuer et al., 1987; Numan, 1988; Abitbol and Inglis, 1997) . Thus, her motivation for parental behavior and her attentiveness to infant stimuli are either stimulated or enhanced prior to parturition to ensure that she responds immediately to her offspring's needs (Kinsley and Bridges, 1990; Fleming et al., 1994; Maestripieri and Zehr, 1998; Fleming et la., 2008; Numan and Stolzenberg, 2008) . Given that there are no pregnancy-associated hormonal signals to prepare the male's brain for parental care, it is unclear how males of monogamous species become parental immediately after infants are born and continue to care for them thereafter. It is possible that attentiveness to infant stimuli in males is either innate or is modified through social experience during development. It is also plausible that paternal tendencies are influenced by males' exposure to specific sensory stimuli during adulthood (Dewsbury, 1985; Brown, 1993; Numan and Insel, 2003) . Studies in monogamous rodents have suggested that species vary in mechanisms that regulate paternal behavior (Brown, 1993) . For example, in California mice and Mongolian gerbils, exposure to female sensory cues diminishes aggression towards young and stimulates paternal responsiveness (Gubernick, 1990; Clark and Galef, 2000) . However, unlike California mice and gerbils, paternal behavior in prairie voles is not stimulated. Males of all ages, with or without prior experience with young, are responsive towards infants (Roberts et al., 1998; Lonstein and de Vries, 1999) . These data suggest that parental tendencies in male prairie voles are either innate or are shaped during development by their exposure to younger siblings. Nonetheless, our research has shown that after mating the female plays an important role in enhancing parental care in male prairie voles (Bamshad et al., 1994; Simoncelli et al., 2010) .
Previously we reported that male prairie voles which cohabit with an unfamiliar female for 13 days spend more time caring for unrelated young than males which cohabit with their same-sex sibling (Bamshad et al., 1994) . We also showed that the male's enhanced paternal tendency is brought about by the female's sensory cues and not by mating as female-cohabited males spent more time on paternal behavior than male-cohabited males whether they had mated or not (Terleph et al., 2004) . Additionally, our studies suggest that paternal care in prairie voles is maximized when males are allowed to remain in physical contact with the female after mating. Although exposure to the female's distal cues in mated or unmated males was sufficient to promote licking of the young and huddling with them, males that had remained in physical contact with their mate spent the longest duration of time crouching upright over the young while maintaining a stationary position (Simoncelli et al., 2010) . Together these data provide support for the hypothesis that physical contact with the female maximizes male prairie voles' caring tendencies. However, it remains unclear how females' presence can modify males' parental tendencies so he spends more time attending to infants than to other stimuli in his environment.
As odors are a primary source of communication among rodents (Richmond and Stehn, 1976; Wysocki and Lepri, 1991) , it is possible that males' preference for infant odors in particular changes through sensory cues he receives from his mate thus enhancing his propensity for parental care. Research in female rats suggests that neuroendocrine factors associated with pregnancy change females' perception of infant-related odors such that they prefer them to other odors (Fleming et al., 1989) . Similar changes in odor perception could occur in males through exposure to their mate's sensory cues. Alternatively, female stimuli may increase males' attentiveness towards all odors. Such enhanced sensitivity to odors in general may enable the male to not only care for his offspring, but also find resources to nourish and support them. We tested these hypotheses by comparing the response of female-cohabited and male-cohabited subjects to infants and their attentiveness to odors of immature conspecifics and water.
Materials and Methods

Subjects
Subjects were the F2 and F3 descendants of prairievole breeding pairs that are maintained in our animal facility at Lehman College. The breeding colony was established from the offspring of field animals captured in east-central Illinois in 2008. Prior to the experiment, all voles were weaned at 21 days and housed in samesex groups of 2 to 4 littermates in (48 × 27 × 20 cm) clear plastic cages. The litter cages were maintained in a nursery room separate from the breeding colony, and the voles remained with their same-sex sibling until selected for an experiment. The bottom of each vole's cage in our colony is covered with approximately 5 cm of bedding consisting of a layer of moistened peat moss covered by a second layer of wood shavings, and then filled with a top layer of straw. The bedding in all vole cages are discarded twice a week and replaced with fresh bedding. As prairie voles live in underground burrows in nature (Mankin and Getz, 1994) this bedding is used to simulate natural conditions. Water and food, consisting of sunflower seeds, rabbit chow, and cracked corn, are available ad libitum. All vole cages are kept in rooms with fluorescent lighting and at temperatures around 20-25°C. The light:dark cycle for the rooms is set at 14:10 with lights on at 6:00 a.m. and lights off at 8:00 p.m. The experimental subjects used in the study were 60-120 days old and were sexually inexperienced at the beginning of the experiment. Animal care and all procedures complied with local, state and federal regulations and were approved by the Lehman College Institutional Animal Care and Use Committee.
A total of 72 adult male voles were used in the study. Sibling males from the same litter and of the same age were randomly assigned either to the Male-Cohabited or the Female-Cohabited group. Subjects in each group were either exposed to live infants or to inanimate objects covered with one of three odors: water, infant or sub-adult (n=9 per condition). Male-Cohabited and Female-Cohabited males assigned to each condition were from different litters and different parentage. Each subject was used for behavioral experiments once and was exposed to only one stimulus condition. The Male-Cohabited subjects were housed in a new cage with a same-sex sibling and remained sexually inactive. The Female-Cohabited subjects were housed in a new cage with an unfamiliar sexually-inexperienced adult female and allowed to mate. All subjects were tested for their behavior 13 days after their initial physical contact with their partner in the new cage. As the length of gestation period in prairie voles is approximately 22 days (Witt et al., 1990) , the groups were set up to test paternal responsiveness in approximately mid-gestation. In addition, 13 days was chosen based on previous studies showing that male prairie voles' paternal behavior and associated neuronal changes are increased after 13 days of cohabitation with a female (Bamshad et al., 1994; Terleph et al., 2004) .
In order to prevent fighting during initial pairing, males and females were habituated to each other. Males were placed in a small wire mesh cylindrical enclosure (10 × 7.7 cm) containing a small amount of food and a piece of apple. The wire mesh enclosure was placed inside a regular holding cage. The male remained in this enclosure for 24 hours, while its partner occupied the remainder of the larger cage. This restricted condition allowed for olfactory, auditory and visual communication between partners. After 24 hours, the male was released into the larger cage and remained with his partner undisturbed until behavioral testing. After 13 days, the males in all groups were separated from their partners and placed in a specially designed apparatus where they were tested for their behavior. The female partners were maintained in their home cage and monitored until they gave birth. All behavioral tests were conducted and carried out between 1:00-4:00 pm in a room with the same temperature and lighting condition as the breeding room.
Odor collection
All odors were collected within an hour before behavioral testing. To collect infant odors, two infant-like inanimate objects were placed in a small container (4.6 × 3.0 cm) with a perforated top. The objects were odorless erasers similar in color, size and shape to prairie vole infants (3.0 × 1.5 cm). Two 2-to 6-day-old infants of the same litter were separated from their parents and were each placed on top of the objects in the container for an hour. Each object was then rubbed on the anogenital and posterolateral regions of each infant, and the infants were returned to their parents. In addition, a drop of previously collected infant urine was also placed on each object immediately before the behavioral tests began. This was to ensure that the subjects were exposed to infant odors from various sources as it has been shown that prairie voles use multiple odor sources including urine for olfactory communication (Ferkin et al., 1994) . Infant urine was collected from a separate group of voles that did not participate in any experiment. As infant rodents urinate only through anogenital licking by parents (Capek and Jelinek, 1956) , urine had to be collected directly from their bladder. To do so, a group of 2-to 6-day-old infants were separated from their mothers and anesthetized with isoflurane. An incision was made in the pelvic cavity of each infant to expose the bladder. The urine was withdrawn using a 1cc syringe. Urine pooled from 2 to 3 infants was stored in microcentrifuge tubes in -20 °C freezer for up to 6 months. To minimize the number of breeding pairs that were disturbed, we used infants within an age range of 2 to 6 days. We considered infants at this age range to be developmentally similar as they are all immobile, cannot thermoregulate alone, and have not opened their eyes yet.
To collect sub-adult odors, two infant-like inanimate objects of the same size, shape, and color as those used for the infant-odor collection were placed in a round container (11.6 × 6.0 cm) with a perforated top. Two male sub-adult voles from a single litter that were 30-to 45-days old were each placed on top of the objects in the container for an hour. Each object was then rubbed on the anogenital and posterolateral regions of the sub-adult vole. The voles were then returned to their home cages. In addition, a drop of previously collected sub-adult urine was also placed on each object immediately before the behavioral tests began. The same method used for infant urine collection was also used to collect odors from 30-to 45-day old voles from the same litter. Urine pooled from 2 to 3 sub-adult voles was stored in micro-centrifuge tubes in -20 °C freezer for up to 6 months. We found that by using this method, we could collect large amounts of urine from a relatively small number of voles that were sacrificed after the procedure by receiving an overdose of Ketamine cocktail. All procedures for odor collections complied with local, state and federal regulations and were ap-proved by the Lehman College Institutional Animal Care and Use Committee.
To expose the subjects to water odors, 1ml of distilled water was sprinkled immediately before the behavioral tests began on two infant-like inanimate objects.
Behavioral apparatus
The subjects were tested in a clear rectangular Plexiglas cage (48 × 27 × 20 cm) containing two 5-cm diameter openings. The openings were created opposite each other in the middle of the two long sides of the cage, approximately 3-cm above its bottom surface. A small cup (8.5 × 4.0 cm) covered with Plexiglas was affixed with industrial Velcro to the outside of one of the openings such that the opening faced into the cage. A habitrail tube (33 cm) connected to a smaller cage (27 × 16 × 12 cm) was attached to the other opening. Food, water and bedding were provided to the subjects in the larger cage. The apparatus was thus designed to provide each subject with the choice of either remaining in the larger cage where live infants or objects were presented to them in the cup or moving away from the odor source to the smaller cage (Fig. 1) . At the end of each behavioral test, the apparatus was taken apart, cleaned in a cage washer to remove scents, and reassembled for the next trial.
Behavioral observations
Each behavioral test began by placing the subject in
Fig. 1 Behavioral testing apparatus
The apparatus was designed to test the response of male prairie voles to odorous stimuli. Males were either housed with a same-sex sibling (Male-Cohabited) or housed with an unfamiliar female (Female-Cohabited) for 13 days.
The apparatus consisted of a clear Plexiglas cage connected to a smaller cage with a habitrail tube at one end and a round cup at the other end. The male was introduced into the apparatus and allowed to acclimate. Two live infants or two infant-like inanimate objects covered with water, infant odor or sub-adult odor were then placed in the cup. The apparatus was designed such that the male had a choice of attending to the contents of the cup or move away from them into the smaller cage.
the cage with the cup. After giving the animal approximately 5 minutes to adjust to the novel cage, either two live infants or two inanimate objects covered with water, infant odor or sub-adult odor were introduced into the cup. The Plexiglas covering the cup was then removed and the subject's behavior was video-taped. The two live infants were 2 to 6-day-old littermates that we removed from the cage of a separate group of breeding pairs. At the end of behavioral testing, the infants were returned to their parents and the objects were discarded. The recorded behavior of the subject was later analyzed for 10 minutes. For behavioral analysis, the duration and frequency of the following behaviors were measured: Locomotion (walking and rearing), Self-Grooming (licking or scratching the head or anogenital areas while maintaining a stationary position), Visiting (looking into or entering the cup), Retrieving (removing the object out of the cup), and Manipulating (looking into the cup and licking or chewing the objects within or outside the cup). We also quantified the frequency and duration of time subjects spent in the large and small cages. In addition, we recorded the latency to the subject's initial approach to the cup containing either live infants or odor-covered objects.
Statistical analysis
For all statistical analysis we used the NCSS statistical software program (Kaysville, Utah). Prior to running the statistical analysis, we used the Shapiro-Wilk's test to determine if the data were normally distributed and used the Levene's test to check for equality of variance. Data that did not pass those tests were transformed by taking the square root. To analyze the data, we used a two-way ANOVA with cohabitant's sex (two levels: Male-Cohabited and Female-Cohabited) and conditions (four levels: Water, Infant Odor, Live Infant, and Sub-Adult Odor) as between-subjects variables. For significant P values at < 0.05, pairwise comparisons were conducted with Tukey-Kramer post-hoc tests for main effects and with Bonferroni Step-down (Holm) correction for interaction effects. Percentage of voles that showed object retrieval and object manipulation was compared using Fisher's Exact Probability Test. Results were reported as significant at P < 0.05.
Results
Out of the 72 voles tested, 11 were eliminated from further analysis because the video tapes were of poor quality making it difficult to measure their behavior. Those eliminated included 2 Male-Cohabited subjects exposed to water odor, 2 Male-Cohabited subjects ex-posed to infant odor, 2 Male-Cohabited subjects exposed to live infants, 1 Male-Cohabited subject exposed to sub-adult odor, 1 Female-Cohabited subject exposed to water odor, 1 Female-Cohabited subject exposed to infant odor and 2 Female-Cohabited subjects exposed to live infants. Therefore, the number of animals used for statistical analysis were adjusted as follows: Male-Cohabited-water (n=7), Male-Cohabited-infant odor (n =7), Male-Cohabited-live infant (n=7), Male-Cohabited-subadult odor (n=8), Female-Cohabited-water (n=8), Female-Cohabited-infant odor (n = 8), Female-Cohabitedlive infant (n = 7), Female-Cohabited-sub-adult odor (n = 9). In the Female-Cohabited group, 80% of the females gave birth within 21 to 23 days after their initial physical contact with the male.
As the opening to the habitrail tube was not closed off when the subject was placed in the odor cage to acclimate, some voles (6 out of 61) ran to the neutral cage as we were placing the objects in the cup. However, these subjects returned to the odor cage immediately after the objects were left in the cup. All voles in each group approached the object cup except one Male-Cohabited subject that was exposed to water.
Depending on the type of object used, the sex of the cohabitant affected subjects' latency to initially approach the cup (Fig. 2) . For the latency to approach the cup, the main effect of cohabitant's sex and the main Fig. 2 Latency to approach odorous stimuli by male prairie voles that were either housed with a same-sex sibling (Male-Cohabited) or housed with an unfamiliar female (Female-Cohabited) for 13 days
The odorous stimuli consisted of either two live infants or two infant-like inanimate objects covered with water, infant odor or sub-adult odor. When the cup contained objects covered with infant odors, Female-Cohabited subjects approached the cup faster than the Male-Cohabited subjects. Bars represent means of latency in seconds + SEM. (*) over the bar indicates significant differences at P < 0.05 between Male-Cohabited and Female Cohabited groups in response to infant odors. effect of conditions were not significant, but there was a significant interaction effect between the cohabitant's sex and conditions (F 3, 53 = 3.38, P = 0.022). Bonferroni
Step-down (Holm) correction showed that the FemaleCohabited subjects approached the cup significantly faster than Male-Cohabited subjects only when the cup contained infant odor (P = 0.01). The difference between Female-Cohabited and Male-Cohabited subjects was close to significance (P = 0.07) when the cup contained live infants. There was a tendency for Male-Cohabited subjects to approach the cup faster than FemaleCohabited subjects when the cup contained live infants. The data for Female-Cohabited and Male-Cohabited subjects exposed to water and sub-adult odors did not differ significantly. The post-hoc tests showed no differences between the other groups tested.
Males spent more time manipulating live infants than odor-covered objects regardless of their cohabitant's sex (Fig. 3A) . The data showed a significant difference in the duration of manipulation (F 3, 53 = 9.12, P < 0.001; data were transformed by taking the square root) and the frequency of manipulation (F 3, 53 = 5.69, p = 0.002; data were transformed by taking the square root) among conditions. Tukey-Kramer Post-hoc tests indicated that Female-Cohabited and Male-Cohabited subjects spent more time manipulating the cup's content when it contained live infants (P = 0.005), but not when it contained inanimate objects covered with various odors. In addition, Male-Cohabited and Female-Cohabited subjects manipulated the cup's content with greater frequency only when the cup contained live infants (P = 0.01). For manipulation, there were no significant differences for the main effect of the cohabitant's sex, and there were no interaction effects between conditions and the cohabitant's sex.
There were no significant differences in percentage of Female-Cohabited or Male-Cohabited subjects that retrieved stimuli presented to them. However, all MaleCohabited subjects exposed to water-covered objects ignored them, whereas 40% of the Female-Cohabited males retrieved them. The percentage of males that manipulated odorous stimuli was different in Male-Cohabited subjects, but not in Female-Cohabited subjects (Fig. 3B) . The percentage of Male-Cohabited subjects that manipulated live infants were higher than those that manipulated objects covered with sub-adult odor (n = 29, P = 0.02, Fisher's exact test). The percentage of Female-Cohabited subjects that manipulated live infants did not differ from those that manipulated odor-covered objects. Although both Male-Cohabited and Female-Co- Bars represent mean duration of time in seconds ± SEM. (*) over the bar indicates significant differences at P < 0.001 in response of Male-Cohabited and Female Cohabited subjects to live infants versus odor-covered objects.. Bars represent the percentage of males engaged in the behavior. (*)over the bar indicates significant differences at P < 0.05 in percentage of Male-Cohabited subjects that manipulated live infants versus sub-adult odor-covered objects. Males were either housed with a same-sex sibling (Male-Cohabited) or housed with an unfamiliar female (Female-Cohabited) for 13 days. The odorous stimuli consisted of either two live infants or two infant-like inanimate objects covered with water, infant odor or sub-adult odor.
habited subjects retrieved objects covered with subadult odors, none of them manipulated those objects.
Depending on the type of objects used, the cohabitant's sex affected the frequency with which subjects groomed themselves (Fig. 4) . Although there were no main effects for the duration and frequency of selfgrooming, the data showed a significant interaction effect for the frequency of self-grooming (F 3, 53 = 3.63, P = 0.019; data were transformed by taking the square root). The interaction between the type of object and the cohabitant's sex for the duration of self-grooming was close to significance (P = 0.06); data were transformed by taking the square root). Bonferroni Step-down (Holm) correction showed that Female-Cohabited subjects groomed themselves more frequently than Male-Co- The graph illustrates the number of times males groomed themselves when they were exposed to either two live infants or two infant-like inanimate objects covered with water, infant odor or sub-adult odor. Bars represent frequency of self-grooming + SEM. The letters over the bars indicate significant differences at different levels. Levels of significance: (a) difference at P < 0.05 between Male-Cohabited and Female-Cohabited males' responses to water, (b) difference at P < 0.005 in Female-Cohabited males' responses to live infants versus infant odor, (c) difference at P < 0.001 in Female-Cohabited males' responses to live infants versus sub-adult odor (d) difference at P < 0.001 in Female-Cohabited males' responses to sub-adult odor versus water.
habited subjects when they were exposed to water (P = 0.01). In addition, Female-Cohabited subjects groomed themselves more frequently when they were exposed to live infants than when they were exposed to infant odor (P = 0.004) or sub-adult odor (P ≤ 0.001), but not when they were exposed to water. Comparison of water-exposed animals to other conditions showed that FemaleCohabited subjects groomed themselves less frequently when they were exposed to sub-adult odor (P < 0.001) than to water but not when they were exposed to infant odor versus water or live infants versus water. We found no differences between the conditions in grooming frequency for the Male-Cohabited subjects. There were no significant main or interaction effects for the duration and frequency of Locomotion or the duration and frequency of time subjects spent in the large and small cages.
Discussion
Our results support the hypothesis that cohabitation with a female during the gestation period increases the sensitivity of the male prairie vole to infant odors, but infant odors alone are insufficient to stimulate paternal responsiveness. Although Female-Cohabited males ini-tially approached the infant-odor covered objects with a shorter latency than Male-Cohabited males, the two groups of males showed no differences in the time spent retrieving and manipulating live infants or objects covered with infant odors. Hence, it is possible that the presence of visual, tactile or auditory cues in addition to odor cues is required to initiate and maintain paternal responsiveness in male prairie voles. In addition, the data suggest that following cohabitation with a female a non-social cue such as water becomes more salient to males. Female-Cohabited males were more likely to manipulate objects covered with water as well those covered with infant odors than Male-Cohabited males who manipulated only objects covered with infant odors. Also, Female-Cohabited males groomed themselves with greater frequency than Male-Cohabited males in presence of water, but not in presence of any other social cues. Furthermore, presence of water and live infants stimulated Female-Cohabited males to groom themselves with greater frequency than presence of infant odors or sub-adult odors.
Voles, like other terrestrial vertebrates, groom themselves for a variety of purposes including thermoregulation, stress reduction, and odor communication (Spruijt et al., 1992) . Studies of voles' responses to odors of opposite-sex conspecifics suggest that they groom themselves to communicate information about their scents. (Ferkin et al., 1996) . In addition, voles may show selfgrooming when motivated to engage in sexual interactions (Paz-Y-Mino et al., 2002) . In our study, FemaleCohabited males increased the frequency with which they groomed themselves in presence of live infants, which might be a reflection of their enhanced paternal motivation. However, Female-Cohabited males also showed increased self-grooming when they were exposed to water. This suggests that water became more salient to these males. Alternatively, lack of social cues may have created a conflicting situation for these males that prompted them to groom themselves more often.
It is possible that infant odors alone are insufficient to elicit behavioral responses that are indicative of the male prairie voles' propensity for caring. Unlike other rodents such as California mice, Mongolian gerbils and rats, unmated male prairie voles are not aggressive towards young (Mennella and Moltz, 1988; Roberts et al., 1998; Clark and Galef, 2000) . Research has shown that most male prairie voles will care for infants that are placed in their cage (Roberts et al., 1998; Lonstein and de Vries, 1999) . As male prairie voles are social animals and are not averse to young they may show the same level of interest in infant odors whether they have cohabited with a female or with a male sibling. Nonetheless, previous data from our lab have shown that exposure to female cues after mating heightens males' responsiveness towards young such that he cares more effectively for multiple infants presented to him and spends more time brooding over them (Simoncelli et al., 2010) . Results from our current study indicate that these subtle changes in males' behavior are not brought about by the female's ability to alter his preference for infant odors. Thus, the female may be increasing paternal behavior by modifying males' responses to other infant stimuli such as touch or to a combination of all infant sensory cues. In social animals such as prairie voles, changing males' preference for infant tactile cues may be more consequential than modifying his responses to odor cues alone. Alterations in the male's preference for infant touch may induce him to remain close to young and engage in physical interactions with them. In prairie voles, as in other mammals, increased tactile stimulation from a parent could play an important role in development of cognitive and emotional responses of offspring (Liu et al., 2000; Roll, 2000; Meaney, 2001; Champagne and Curley, 2005) .
Our data may be also explained by the reaction of prairie voles to the type of inanimate object that we chose to present to them. We exposed male prairie voles to inanimate objects that smelled and looked like infants but did not move or vocalize like them. The male's lack of interest in exploring such inanimate objects may have prevented them from displaying any differences in their preference for infant odors that we might have been able to detect. Their reaction to infant-like inanimate objects may also explain why males in both groups retrieved the objects covered with sub-adult odors but none of them manipulated those objects. Thus, the mismatch between the proximal cue (infant-like object) and the distal cue (sub-adult odor) may have prompted the males to avoid manipulating the object. It is also possible that the males showed a lack of interest in the inanimate objects covered with sub-adult odors because the stimulus animals we used to collect the odors might have been sexually mature and thus induced an aversive response in the subjects. We selected an age range for collecting subadult odor based on a study showing that the average age for the urine of male prairie voles to become sexually potent is around 45 days old (Mateo et al., 1994) . However, as we did not test the sub-adult voles for sexual maturity, we cannot state with certainty that they did not produce sexually-potent odors. Nonetheless, even if the odors were sexually-potent, it would be unlikely for those odors to stimulate an aversive response in the subjects because research has shown that prairie voles are not antagonistic towards unfamiliar adult conspecifics until after mating (Winslow et al., 1993; Insel et al., 1995) . Therefore, had aversion been the stimulus for lack of object manipulation, we should have seen differences in behavior between Female-Cohabited males and Male-Cohabited males. Further studies are required to determine whether prairie voles avoided manipulating objects covered with sub-adult odors because the odors stimulated negative emotions or because like rats, voles can detect mismatches in sensory cues presented to them. (Renaudineau et al., 2007) .
Although we did not detect a significant change in male prairie voles' paternal attentiveness to infant odors following cohabitation with a female, our data suggest that these males are more sensitive to infant odors and more likely to be aroused by non-social odors or lack of social odors compared to male-cohabited subjects. These results agree with previous studies showing that as gestation continues both male and female prairie voles become more interested in investigating odor cues (Yamoah et al., 2008 ). An enhancement in odor acuity may prepare males expecting to sire offspring to react more efficiently to odor stimuli that might be important for infant survival.
